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In many healthcare organizations, comparative effectiveness research and quality improvement (QI)
investigations are hampered by a lack of access to data created as a byproduct of patient care. Data
collection often hinges upon either manual chart review or ad hoc requests to technical experts who
support legacy clinical systems. In order to facilitate this needed capacity for data exploration at our insti-
tution (Duke University Health System), we have designed and deployed a robust Web application for
cohort identiﬁcation and data extraction—the Duke Enterprise Data Uniﬁed Content Explorer (DEDUCE).
DEDUCE is envisioned as a simple, web-based environment that allows investigators access to adminis-
trative, ﬁnancial, and clinical information generated during patient care. By using business intelligence
tools to create a view into Duke Medicine’s enterprise data warehouse, DEDUCE provides a Guided Query
functionality using a wizard-like interface that lets users ﬁlter through millions of clinical records,
explore aggregate reports, and, export extracts. Researchers and QI specialists can obtain detailed
patient- and observation-level extracts without needing to understand structured query language or
the underlying database model. Developers designing such tools must devote sufﬁcient training and
develop application safeguards to ensure that patient-centered clinical researchers understand when
observation-level extracts should be used. This may mitigate the risk of data being misunderstood and
consequently used in an improper fashion.
 2010 Elsevier Inc. All rights reserved.1. Introduction
Although the adoption of health information technologies (HIT)
such as electronic health records (EHRs) and computerized physi-
cian order entry (CPOE) has been identiﬁed as critical for improv-
ing the nation’s health care [1–3], the invaluable clinical data
gathered by HIT, which could spur research to an unprecedented
degree, has often gone untapped [4]. The Recovery Act of 2009
included $19.2 billion in funding intended to encourage physicians
and healthcare organizations to implement EHRs and make
‘‘meaningful use’’ of the collected data by exchanging information
and reporting clinical quality measures [5]. An additional $1.1
billion in funding will be administered through the US Department
of Health and Human Services. These grants will support
comparative effectiveness research evaluating methods used to
diagnose, treat, and monitor clinical conditions [6].
But despite clear imperatives for making information in health
system databases accessible for secondary data analysis [7,8], a
mature approach to combining, analyzing, and leveraging thesell rights reserved.
Solutions, 2424 Erwin Road,
+1 919 668 3241.
orvath).resources has yet to emerge. Within many organizations, data
reside in separate silos or in proprietary databases and are often
captured in incompatible formats. Even when laborious manual
queries are used, the resulting extracts are often incomplete
because the source systems were not designed with domain-span-
ning research in mind. Such functionality requires the adoption of
structure and standards [9,10].
In this manuscript, we report on a ‘‘research portal’’ developed
by the Duke University Health System (DUHS)—the Duke
Enterprise Data Uniﬁed Content Explorer (DEDUCE). This user-
friendly data extraction system is envisioned as a multiple-tool
environment that will expedite access to clinical data stored in
the organizational data warehouse, supporting grant applications,
research projects, and quality improvement (QI) activities. Here
we report on the conceptual design and development of the ﬁrst
tool in DEDUCE, Guided Query (GQ), which uses business intelli-
gence (BI) tools to allow users to obtain both an aggregate report
and a raw data extract based on query parameters.
2. Background
Research portals developed in response to the need to access
and combine diverse sources of data from clinical and research
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portal types are described in the literature: translationally-based
and clinical practice-based. Although both include clinical data
and provide user interfaces, the goals of the inaugural database de-
signs differ. Translationally-based platforms such as REDCap [11],
Slim-Prim [12], MMIM [13], and TraM [8] start with data collected
for research purposes (clinical or basic science) and integrate these
domains in a user-accessible repository. These tools may use feder-
ated queries to derive data for speciﬁc disease states across a na-
tional set of hospitals, enable data sharing for multicenter
translational projects, and create a framework for the input of
new research data and subsequent curation [8,13–15]. Clinical
practice-based portals, on the other hand, use patient care data
from clinic and hospital databases without predeﬁning the re-
search project or domain. The focus in this context is on ensuring
that all reasonable data elements regarding a patient’s healthcare
encounter are standardized and accessible.
While translational portals have been relatively well docu-
mented in the literature, there is a notable lack of publications
describing the conceptual design, deployment, and operationalized
use of clinical practice-based portals. Most of the available infor-
mation on such portals has been presented in forums such as con-
ferences, proceedings, news articles, or electronic white papers,
making a comprehensive discussion of differing feature sets and
deployment methodologies challenging. Vanderbilt’s Synthetic
Derivative research application is one such tool advertised as
containing both structured clinical data and care narratives (e.g.,
nursing notes; surgical reports) on 1.7 million patients, as
derived from their health system’s EHR [16,17]. Its website
(http://www.mc.vanderbilt.edu/victr/pub/message.html?message_
id=182) suggests that only de-identiﬁed data are available, and a
recent conference presentation indicates that ICD9 codes, labs, vi-
tal signs, medications, CPT codes, and demographics are available
as query criteria. However, the exporting capabilities are unclear
and we infer that the tool is designed for the needs of the pa-
tient-centric researcher seeking to deﬁne a cohort and not opti-
mized for QI personnel looking for ‘‘cohorts’’ of observation-level
data (e.g., all lab results of a particular type). Similarly, the Stanford
Translational Research Integrated Database Environment (STRIDE)
provides self-service research access to a clinical data warehouse
that supports two hospitals and numerous clinics [18]. Users can
search for patients using criteria including demographics, ICD-9/
CPT codes, lab results, pharmacy orders, and information held
within narrative clinical reports. STRIDE also provides research ac-
cess to a tumor tissue databank, thus integrating translational data
with its clinical foundation. Yet according to its Web site, STRIDE
does not yet release protected health information (PHI) and
researchers must collaborate with informatics staff to discuss the
extraction of clinical data for research purposes. Based on the only
formal report available to date, it is unclear whether STRIDE per-
mits the extraction of observation-level data needed for QI investi-
gation [18].
Partners Healthcare system has published sporadic short re-
ports on its research portal, the Research Patient Data Repository
(RPDR), which is designed to aid cohort identiﬁcation for research
studies, support grant applications, and enable outcomes research
for two medical centers and four community hospitals [19,20]. This
tool has two distinct functions: (1) a query tool that returns aggre-
gate numbers of patients based on complex queries generated from
a user-friendly, ‘‘drag-and-drop’’ interface; and (2) a data acquisi-
tion tool allowing researchers to obtain detailed extracts including
PHI, when authorized by an IRB protocol. Various inpatient and
outpatient data elements are available, including demographics,
encounter data, diagnoses, medications, procedures, labs, radiol-
ogy/pathology reports, and discharge notes. However, as with
STRIDE, it is unclear the extent to which observation-level datacan be extracted independently of patient cohort deﬁnition. Re-
cently, some RPDR features were incorporated into SHRINE [21],
which uses a federated model to access the clinical databases of
three large health centers. The SHRINE prototype, however, func-
tions in a test environment using an enterprise dataset that is
not refreshed. SHRINE is one of a growing number of tools that uses
the open-source Informatics for Integrating Biology and the Bed-
side framework (i2b2; http://www.i2b2.org) sponsored by the
NIH Roadmap National Centers for Biomedical Computing. This
platform bridges clinical and scientiﬁc domains by providing
open-source software tools for concomitant data collection and
management. Aimed at clinical investigators, bioinformaticists,
and software developers, i2b2 application modules can be inte-
grated using a variety of Web services and XML messages
[14,15,22]. The i2b2 framework has been a ﬁxture at many health-
care informatics and data warehousing conferences where organi-
zations discuss research query tools.
Although these clinically-based research portals offer aggregate
counts and raw data, the emphasized goal is to deﬁne a highly spe-
ciﬁc patient cohort that suits the needs of a physician-researcher.
However, there are myriad QI questions that require investigation
of observation-level data, such as lists of medication or laboratory
orders [23], and the query procedure should be designed around
these needs. Such investigation will become increasingly impor-
tant to comply with new ‘‘meaningful use’’ mandates from the
Recovery Act [5]. We view the lack of focus on obtaining a speciﬁc,
deﬁned ‘‘cohort’’ of encounter-, process-, or observation-level data
as a major gap in currently reported applications. Our objective in
developing DEDUCE was to build an access model that simulta-
neously served both patient- and encounter-centered needs by cre-
ating a user-friendly gateway to various axes of patient care. The
DUHS comprises two community hospitals and an academic facil-
ity, the Duke University Medical Center (DUMC); the DUMC itself
includes a teaching hospital and more than 150 afﬁliated outpa-
tient clinics. We recognize that in order to serve all user types from
these settings, DEDUCE may ultimately require multiple access
environments. Since there are relatively few formally published
descriptions of how organizations have developed and deployed
clinically-based portals, we share here the experiences of the DUHS
in developing the underlying DEDUCE framework and releasing
our ﬁrst DEDUCE tool—Guided Query (GQ).3. Business need and design requirements
The need for this application grew from an increasing number
of requests to health system data warehouse personnel for re-
search and QI data extracts. At this point, the Director of the DUHS
Data Warehouse Group as well as the Associate Chief Information
Ofﬁcer for Enterprise Analytics and Patient Safety collaborated to
create a suite of self-service tools for clinical data extraction. In
doing this, an advisory steering committee was convened to shape
the functional design (see Section 4.2). At the onset of the design
process, the committee designated principal functional require-
ments for the long-term development of a comprehensive, multi-
ple-environment research portal:
1. DEDUCE should be a ﬂexible, self-service application for data
extraction by clinical researchers and QI professionals across
the DUHS. DEDUCE will include a number of tools or ‘‘user envi-
ronments’’ catering to different user levels.
2. DEDUCE should incorporate multiple domains of patient care
and be ﬂexible enough to eventually include evolving knowl-
edge domains from the translational arena, including genomics
and proteomics. We did not want to predeﬁne research areas, as
has been done with translationally-based research portals.
Fig. 1. Overview of the DEDUCE Guided Query Architecture. Patient care data are
stored in various silos: patient registration, professional billing, and CPT proce-
dures = IDX (GE Healthcare); laboratory data = Cerner Classic; medication
orders = Horizon Meds Manager (HMM, McKesson); CPOE orders = Horizon Expert
Orders (HEO, McKesson); patients, encounters, ICD9 diagnoses, ICD9 proce-
dures = DHIS (Duke Healthcare Information System), an in-house system that
collects patient administration and management data. Extract-transform-load (ETL)
processing is used to bring these streams into the Decision Support Repository
(DSR), the DUHS organizational data warehouse. The business intelligence reporting
layer interacts with the DSR to provide a complex, dynamic prompted report—the
DEDUCE Guided Query (GQ). Users work through GQ to explore and extract
information in support of research and quality initiatives.
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to the extent allowed by IRB policies.
4. Data should be ﬁlterable and extractable not only at the patient
level (e.g., counts of patients and their attributes, such as demo-
graphics) but at the observation level as well (e.g., counts of
medication orders and their attributes, such as order start date
or medication type).
5. The DEDUCE portal should be usable without knowledge of the
underlying clinical database structure.
The steering committee acknowledged that design decisions
made in developing the ﬁrst DEDUCE tool would shape all future
DEDUCE applications. The committee therefore decided to educate
the Duke Medicine user base over time by developing a series of
tools of increasing complexity. Given pressures to develop the ﬁrst
tool quickly, we decided to use a BI application to create a user-
friendly view into our existing integrated enterprise data ware-
house, which receives data from legacy clinical systems using
ETL processes. Federated models, as reported elsewhere
[13,21,24], allow each source system owner better control of their
data, but typically exhibit poorer performance relative to their
integrated counterparts. Federated models are appropriate when
multiple independent entities share data [24], and we feel that
they will be useful as we share data with external partners.
Development began with an environment that permitted sim-
ple data exploration, report aggregation, and data extraction using
a Web-based wizard, a process we termed Guided Query (GQ). The
goal of the GQ environment was to permit queries to be created
easily and executed efﬁciently behind the scenes without the user
feeling ‘‘lost.’’ As GQ would query all data sources available in fu-
ture DEDUCE environments, this approach would help prospective
users become familiar with the clinical warehouse data for more
powerful future tools (such as an interactive clinical cohort
builder). Cognos BI (IBM, Armonk, NY, USA) was the application
of choice given that our data warehouse analysts had extensive
experience in building reports with this software suite. Addition-
ally, Cognos is a familiar reporting framework for many DUHS cli-
nicians who access organizational metrics and scorecards.
An alternative to building DEDUCE internally would be to use
the i2b2 framework. Early in the project, a DEDUCE developer eval-
uated a local instance of i2b2 in order to assess its functionality and
performance. After considering our organization’s unique needs at
that time, we decided against implementing the i2b2 framework
based on several issues. First and most importantly, i2b2 has data-
base structure requirements (the entity-attribute-value model)
that differ from those of our existing warehouse, requirements that
would have necessitated the creation of customized extract-trans-
form-load (ETL) code to place data into subject areas not directly
supported by i2b2. Although no ETL strategy is without challenges,
this would represent duplicated effort given that, like many large
health systems, we already write ETL code to bring clinical data
streams into our warehouse. This is an issue that has been noted
by others evaluating i2b2 [25]. Our alternate approach—using a BI
layer to create a user-friendly view into the database—does not cre-
ate additional ETL tasks and therefore allowed us to devotemore ef-
fort to GQ interface design. Another related consideration is that
any upgrades to i2b2 are expected to require additional ETL work
to retain tool functionality and represent yet another system to
maintain. Although adaptation efforts are almost always necessary
when upgrades occur, our BI tool is already used for many other
applications that access thewarehouse to fulﬁll business needs. DE-
DUCE GQ can then ‘‘piggyback’’ on themaintenance efforts invested
here, requiring only minimal new tasks on its own. Finally, because
we view the future of DEDUCE as a suite of tools, we felt that we
must choose a framework consistent with this vision. Although fu-
ture functional requirements for other tools were not formallydrafted, we knew that the inability to upload a cohort of MRNs or
e-mail results (i.e., execute the query in the background) within
i2b2 made it an inappropriate platform for our needs.4. Methods
4.1. Application overview
Data from hospital and clinic operations are archived in the
Decision Support Repository (DSR), a custom-built data warehouse
containing integrated clinical and ﬁnancial data. The DEDUCE GQ
application interacts directly with the DSR via structured query
language (SQL) created by the BI tools and does not require a sepa-
rate research-speciﬁc data warehouse (Fig. 1). The GQ Web
interface was built using Cognos BI 8.2 and custom JavaScript appli-
cations. The user is guided through a series of prompt pages that de-
ﬁne inclusion and exclusion criteria for a SQL query that runs in the
background. Results include aggregate patient counts, encounters,
and observation-level data such as ICD9 diagnostic codes or medi-
cation orders. DEDUCE has its own active study protocol, approved
by the DUHS IRB, which permits use by QI personnel; researchers
with appropriate IRB authorization are also allowed access.
4.2. Project duration and team members
Technical work on the GQ tool began in January of 2008 and
followed an agile software development model [26] through
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solutions were developed iteratively with the advisory steering
committee. This group included 26 representatives from hospital
and clinic leadership, patient safety, the institutional review board
(IRB), outcomes/health services research, and clinical specialty
areas. Committee members were appointed for one of three
reasons: they or their group historically had many data warehouse
extract requests; they had a unique role at the DUHS (such as a
patient safety ofﬁcer); or because they had speciﬁc, personal inter-
est in seeing such an application made available. These persons
thus represented a broad cross-section of the potential DEDUCE
user base. The steering committee convened on a biweekly basis
to review progress by the DEDUCE development team and make
further suggestions. Between meetings, all committee members
had access to prototype versions of the tool and were asked to
evaluate its usability and functionality.
The DEDUCE technical development team consisted of an
analyst (1.0 full-time equivalent [FTE]), a business intelligence
(BI) developer (0.5 FTE), a contracted BI architect (1.0 FTE), and a
systems architect (1.0 FTE). All developers were trained in HIPAA
regulations regarding patient privacy.
4.3. Technical description
4.3.1. Data sources and content
The DSR resides in a 1.5-terabyte database (Oracle Server 10g
Enterprise Edition, Redwood Shores, CA) hosted on an AIX machine
with four processors and 32 gigabytes of memory. ETL processes
bring daily data from the DUHS clinical information systems into
the DSR using a Linux 4  2 CPU with 19 gigabytes of memory. Be-
yond the ETL process, no further data cleansing was performed,
although some data curation was done to improve the usability
of the GQ tool. All data housed within the DSR are governed by a
comprehensive Information Security Operations Plan.
The clinical domains within the DSR available for DEDUCE
query are described in Table 1. Comprehensive data are currently
available for Duke University Medical Center (DUMC) and its asso-
ciated outpatient clinics. Clinical data from the two DUHS commu-
nity hospitals is expected to become available over the course of
2010.
4.3.2. Business intelligence user interface
Cognos BI interacts with clinical data kept in the DSR and pre-
sents a framework within which to query these data and design
interactive reports. The GQ user interface is a complex, multi-
paged, prompted report created in Cognos Report Studio, a module
of Cognos Business Intelligence 8.2, which runs on a Windows
2003 Server machine with two dual-core processors and 4 giga-Table 1
Data available in DEDUCE Guided Query for Duke University Medical Center (DUMC).
Source data Deﬁnition
Patients An individual receiving healthcare services at a DU
Encounters A physical visit to a DUMC facility
Medication orders (inpatient
only)
A request for a pharmaceutical agent or drug proce
CPOE orders (inpatient only) An electronic request made by a clinician to receiv
Labs The result of a single lab test performed on a speci
Procedures (ICD9) A codiﬁed action performed by a care provider in sup
billing
Procedures (CPT)
Diagnoses (ICD9) The identiﬁed disease or injury in a clinical setting
DUMC, Duke University Medical Center.
a As of 11/17/2009.
b Incomplete data is available in DEDUCE GQ for 1996–2005, but is not reﬂected in thbytes of memory. To end users, the GQ appears as highly interac-
tive Web pages accessible using Internet Explorer versions 6.0
and higher. Users interact with prompts, their selections triggering
custom JavaScript that dynamically determines what prompts
should be presented throughout the steps of the GQ. Each script
renders another Web page from the user’s perspective. For exam-
ple, at the ﬁrst GQ screen, the user picks a patient care axis such
as medications or labs. This selection is stored as a variable, which
then causes conditional rendering of the remaining GQ report
pages. In this way, the same Cognos report pages are continuously
executed behind the scenes, yet the objects displayed are condi-
tional upon user selections. Aggregate data from GQs are displayed
in HTML, PDF, or Excel as tables or graphs depending on user selec-
tions. A ﬂat ﬁle of the raw data used to create the aggregate reports
may also be selected, although this access is conditional on user
role.
4.4. Access, authentication, and patient conﬁdentiality
Any Duke Medicine staff member may request access to DE-
DUCE in writing. DEDUCE authenticates using Microsoft Windows
Server 2003 (Redmond, WA, USA) Active Directory accounts, as
these are employees’ primary means of accessing workstations
and clinical applications. When logging into the system, users must
choose one of four user role types (Table 2) and provide the appro-
priate IRB protocol numbers that authenticate against the DUHS
IRB database. Upon ﬁrst entry into the system and every 6 months
afterwards, the user must agree to the terms of use: Protect data;
do not share data outside of Duke without approval; and store data
only on Duke computer drives. Additionally, at every login, they
must agree to the DEDUCE ‘‘data use agreement,’’ which reminds
the user of the eight most important aspects of the Terms of Use
that safeguard security and privacy. All data created in the course
of a query are stored electronically on servers belonging to the
DUHS, and all login activities as well as the SQL executed are
logged in perpetual audit trails. All data transfers are subject to
encryption via SSL certiﬁcates.5. Results
5.1. Navigation of the Guided Query interface and data export
The DEDUCE GQ was released on August 1, 2008. The user be-
gins with a prompt to select one of 6 subject areas: ICD9 diagnoses,
ICD9 or CPT procedures, lab results, CPOE orders, or medication or-
ders. Patient encounter and demographic data can be queried
within each of these areas, but users may only search and extract
a single subject area at a time. This represents a critical decisionNumber of
observationsa
Year data
starts
MC facility 1,735,973 1996
23,586,090 1996
ssed through the hospital pharmacy 10,817,247 2003
e materials or services for a patient 26,998,540 2004
men 33,397,936 1996
port of patient care and often used for 2834,328 1996
12,944,082b 2005
24,236,522 1996
is count.
Table 2
User roles as deﬁned in the DEDUCE system.
User role Authorizationa
Researcher with ‘‘Review Prior to Research’’ IRB authorization Can export a limited dataset; PHI may be available on-screen only
Research exempt from IRB review (non-human-subjects research) Can view and export data that is completely de-identiﬁed, but dates may still be present
Research with IRB-approved protocol that include waiver of HIPAA
authorization
Can view and export data with PHI
Quality and safety operations Full access to all data (including PHI) pertinent to internal QI efforts; can export data
with PHI
HIPAA, Health Insurance Portability and Accountability Act; IRB, institutional review board; PHI, protected health information.
a All users may view aggregate DEDUCE reports that can be printed and e-mailed.
Table 3
User-selected prompts in DEDUCE Guided Query.
Guided Query
step
Prompt boxes Features
(1) Subject area
selection
Select subject area If subject area not selected, only demographics and encounters will be searched
(2) Encounter
criteria
selection
Patient visit type (multiselect inpatient or
outpatient)
Items in location prompt box will dynamically populate depending on user selections: visit type,
clinical service or nursing unit, admit or discharge services, admit or discharge locations
Location type 1 (single select service or
nursing unit)
Location type 2 (single select admit or
discharge)
Location (multiselect)
All encounters that overlap the service date range will be selected
Service date range (calendar select)
Help features show archive history and deﬁnitions
(3) Demographics Age at encounter (enter range) Help features show deﬁnitions
Gender (multiselect)
Race (multiselect)
(4) Subject area
criteria
Medication order (multiselect by brand
name, generic name, or AHFS class)
Criteria are searchable
CPOE order (multiselect by orderable name or
order set name)
When working with ICD9 and CPT codes, user can navigate through subcategories to ﬁnd the
desired codes
Lab result (multiselect by lab panel or lab
test)
Information box shows 10 most common lab panels or 20 most common lab tests
CPT procedure (multiselect by description,
code, category, or AHRQ bundlea)
ICD9 procedure (multiselect by description,
code, category, or AHRQ bundlea)
ICD9 diagnosis (multiselect by description,
code, category, or AHRQ bundlea)
(5) Report output Graphs or tables Once aggregate report characteristics are selected, users with appropriate access can get
observation-level data extractsReport sections desired
Aggregate report format (PDF, HTML, Excel)
Radio button to select PHI inclusion, if
authorized
AHFS, American Hospital Formulary Service; PHI, protected health information.
a AHRQ (Agency for Healthcare Research and Quality) bundles are an established hierarchy that groups ICD9 codes into logical subsets. Three levels of AHRQ bundles are
provided which when selected ultimately provide a targeted list of ICD9 codes.
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multiple ways in which a user may combine subject areas, depend-
ing on the research or QI question. The query has ﬁve distinct steps,
each with its own prompt page: (1) subject area selection, (2)
encounter criteria, (3) demographics, (4) subject area criteria, and
(5) report output. The promptable data items are displayed in Ta-
ble 3. As these steps are taken, a status box appears on the left
detailing the steps completed and the criteria selected in order to
minimize any confusion during the process (this reﬂects our
awareness that many users will multitask and may require reori-
entation) (Fig. 2).
At the export screen, users may choose whether to display
aggregate report results as tables, graphs, or both. Although DE-
DUCE is more a data extraction tool than a visualization tool,
the steering committee decided that basic aggregate report of
data item counts was necessary to engage novice users as wellas to provide immediate sample size feedback without requiring
data extract download. After the user makes selections, DEDUCE
runs the query and shows counts of the number of encounters,
patients, and subject area observations returned. Known as the
‘‘kiss or cry’’ step during training, this stage is where users can
quickly evaluate the volume of the results and can return to the
ﬁlter selection steps if they wish to adjust their parameters. With
appropriate IRB or QI authorization the user may from here
download or receive in e-mail an extract of the raw data in addi-
tion to the aggregate report. The data records will reﬂect the sub-
ject area chosen. For example, an extract created from a query of
the labs subject area will list a unique returned lab result for each
row. All extracts provide a basic set of encounter and demograph-
ics information in additional columns. This facilitates combining
extracts from multiple queries outside of the DEDUCE environ-
ment to answer questions such as: ‘‘how many patients received
Fig. 2. DEDUCE Guided Query (GQ) Web Interface. In this example, the user is selecting relevant ICD9 codes pertaining to hip fracture diagnoses for older Duke University
Hospital patients admitted to orthopedic services in the ﬁrst 5 months of 2009. In Step 1 (not shown), the user selects the subject area of interest (diagnoses). In Step 2,
encounter criteria are deﬁned. Prompt boxes for service type and category auto-populate depending on patient visit type. In Step 3, the user makes selections for race, gender,
and age (not shown). In Step 4, the user can search for ICD9 codes by description, category, or AHRQ bundle. Step 5 (not shown) provides the output options. In all GQ screens,
the information box at top left shows query steps and selections made, while the information box at bottom left provides helpful deﬁnitions. To minimize user error, red text
reminds the user of important caveats and red asterisks identify required ﬁelds.
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encounter?’’
The aggregate report is a single document available as PDF, Ex-
cel, or HTML (according to user preference) with multiple pages
that represent different sections. If the user does not wish to wait
for the report to render, a Web link allows results to be delivered
via e-mail. The ﬁrst two report pages list the ﬁlter criteria. Subse-
quent pages show proﬁles of the population created, as follows: (a)subject area counts by subject area item code, admit (or discharge)
service (or location); (b) subject area count by subject area item,
gender, and race; (c) patient count by demographics; (d) encounter
count by race and discharge date; and (e) encounter count by sex
and discharge date. Although all users can render these sections,
check boxes are available to display only those sections relevant
to their particular needs. Fig. 3 shows selected graphical output
spanning these report pages. The section of patient counts by
Fig. 3. Aggregate report output from DEDUCE Guided Query (GQ). GQ was used to select all patients diagnosed with hypoglycemia admitted to the cardiology, emergency
medicine, general medicine, and orthopedics services at Duke University Hospital during the ﬁrst 5 months of 2009. A representative snapshot of report output is shown.
Users can elect to have data displayed as tables, graphs, or both, and the information can be provided in Excel, PDF, or HTML formats. With proper IRB identiﬁers, users can
also elect to obtain an observational-level extract that shows the details of each diagnosis, encounter, and PHI.
272 M.M. Horvath et al. / Journal of Biomedical Informatics 44 (2011) 266–276demographics is most often used by clinical researchers seeking
customary population statistics that are often requested as part
of grant applications in order to prove adequate sample size.Subject area count reports are used mostly by QI personnel who
are trying to characterize and understand the frequency of health-
care processes, such as the ordering of a drug by nursing unit.
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Either a clinical research or QI user can build a DEDUCE query in
1–2 min if they know the exact characteristics they desire. Since
users may choose what results they wish to receive, execution time
has been enumerated according to three stages: (1) HTML results
of the number of patient, encounter, and subject area records; (2)
execution of the entire aggregate report in PDF form; and (3) ex-
port of the raw data set. Execution length varies with the number
of selected parameters, the number of concurrent users, the type of
result requested, and the volume of data within each subject area.
Query length, as measured during regular mid-day business hours
for a number of scenarios, is shown in Table 4. Typically, creation of
the aggregate PDF report takes the longest, as this involves the
largest number of SQL select statements on behalf of the BI tool
for data aggregation.
5.3. Utilization and training
The DEDUCE GQ user base includes clinicians, researchers, clin-
ical research coordinators, data analysts, and QI personnel. From
August 2008 to August 2009, 241 users were trained by a DEDUCE
analyst, either in ad hoc or formal group instruction sessions. Dur-
ing this same period, 347, 87, and 123 logins were recorded for the
QI, Review Preparatory to Research, and IRB roles, respectively. Gi-
ven the growing user base, future training will be held in scheduled
classroom sessions. Online training with suggested exercises is also
offered for those wishing to learn DEDUCE GQ at their leisure. A
comprehensive user guide and video tutorials are provided at the
DEDUCE Web site. The DEDUCE team also maintains a subscribe-
able electronic message board containing tips, downtime notiﬁca-
tions, user-to-user help, and technical support.
5.4. Cost
DEDUCE was built using resources supporting the existing
DUHS data warehouse, whose development and maintenanceTable 4
Representative query execution times for the DEDUCE Guided Query tool.
Scenario Patie
coun
Date range = Jan–Dec 2008 (min
Demographics = All individuals 0:23
Location = encounters at all DUMC locations (inpatient and outpatient) 180 p
Subject area = ICD9 diagnosis code V15.88—personal history of a fall 234 e
234 I
Demographics = All races/genders for pediatrics (0–17 years) 0:50
Location = encounters for all individuals admitted to an inpatient DUMC
pediatric ﬂoor
2751
Subject area = Any medication order belonging to the AHFS ‘antibacterials’
subcategory
3633
22,78
Orde
Demographics = All individuals 1:49
Location = encounters for all DUMC outpatient locations and clinics 38,30
Subject area = Any of 7 CPT codes indicating an inﬂuenza vaccination 39,83
49,44
Demographics = All males 1:08
Location = all encounters admitted to the inpatient orthopedic service at
DUMC
882 p
Subject area = Any CPOE order accessed using the orthopedics admission order
set
997 e
24,62
AHFS, American Hospital Formulary Service; CPT, current procedural terminology; CSV,
University Medical Center.entails considerable health system expenditures. But because a
well-maintained warehouse is in place, the cost of building the
GQ tool (which required no new hardware or software) was rela-
tively small. Once developed, the projected fully loaded cost for
maintenance (i.e., ongoing user training, user support, account
management, bug ﬁxes, and minor system upgrades) is $50,500/
year. Given that we already possessed a sophisticated data ware-
house and that only relatively minor investment of capital is
needed to support this tool, DEDUCE is planned to be a sustained
data analytics service of the data warehouse team for the foresee-
able future.5.5. Use cases
One of the many uses supported by the DEDUCE GQ is to help
researchers prepare grant applications by gathering data that dem-
onstrate study feasibility. For example, DEDUCE has been used to
support a DUHS application to the Agency for Healthcare Research
and Quality (AHRQ) titled ‘‘Cellulitis Abscess Management in the
Era of Resistant Antibiotics (CAMERA),’’ which was funded in
2009. The GQ tool was used to ﬁnd all DUMC outpatients who
had been assigned one of 5 ICD9 diagnosis or CPT procedure codes
indicative of ongoing soft tissue infections. The GQ aggregate re-
port, which shows total demographics as a function of speciﬁc
diagnosis or procedure code, was used to provide preliminary data
and ultimately to demonstrate the ability to contact these patients
upon IRB approval.
A second common use for the DEDUCE GQ is to obtain data for
QI efforts, such as evaluating the effects of implementing new HIT
at Duke University Hospital. In February of 2009, several QI spe-
cialists investigated whether the release of a venous thromboem-
bolism prophylaxis advisor within the CPOE interface led to an
increase in ordering of items (e.g., medications, compression de-
vices) that can help prevent thrombotic events such as blood clots.
The DEDUCE GQ was used to obtain three separate extracts con-
taining ICD9 categories, medication orders, and CPOE orders for a
speciﬁc inpatient cohort across three technology deploymentnt, encounter, and subject area
ts
Aggregate PDF
report
Export of raw data
(CSV)
:sec) (min:sec) (min:sec)
5:43 0:25
atients
ncounters
CD9 diagnoses
6:58 4:59
patients
encounters
1 medication
rs
10:09 1:54
0 patients
4 encounters
4 CPT procedures
18:43 1:20
atients
ncounters
6 CPOE orders
comma-separated value; CPOE, computerized physician order entry; DUMC, Duke
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Corporation, Cary, NC) and used to demonstrate that prophylaxis
ordering had indeed increased since advisor release [27]. Efforts
are underway to determine whether outcomes improved in pa-
tients who received such preventative care.6. Discussion
6.1. Advantages of a research portal
One of the most signiﬁcant beneﬁts realized with the DEDUCE
tool is the fact that data requests are now ‘‘self-service’’ for many
researchers and QI personnel. Data extraction at the healthcare
observation level will become increasingly important to comply
with Recovery Act mandates. One challenge presented by tradi-
tional methods of individual data warehouse requests is that ex-
tract formats may differ and be cleaned in ways that complicate
options for future data gathering. Data extracts from DEDUCE are
provided in a harmonized manner that allows users to return
and collect additional data on the same patients or encounters at
a later point. DEDUCE also adds a data-driven research paradigm
to current hypothesis-based research methods. Exploratory analy-
ses can be conducted without completely deﬁning the research
question as the ﬁrst step. This may lead to new avenues of investi-
gation or, alternatively, quickly halt studies that are underpowered
or otherwise impracticable. Another powerful feature of the DE-
DUCE conceptual design is its modular data organization, which af-
fords a ‘‘window’’ into the data warehouse and ensures scalability
as future subject areas are added.6.2. Lessons learned
The biggest risk in allowing researchers to obtain their own data
extracts is that they may misunderstand basic properties of ar-
chived clinical data and use it inappropriately in their studies. Cli-
nicians are often patient-centered in their thinking and expect data
extracts wherein each row represents a different patient. Quality
improvement personnel, on the other hand, are transaction-cen-
tered and might expect each row to represent a different observa-
tion, such as a lab result. Our experience suggests that this issue
must be strongly emphasized during the training process by
underscoring the fact that multiple healthcare actions may occur
at different timepoints within a single patient encounter.
Beyond this, we feel that an effective strategy for introducing
researchers to the complexity of clinical data query activities in-
cludes providing a suite of tools tailored to different user levels;
within this framework, GQ represents our ﬁrst such tool. In GQ,
we do not allow users to export results covering multiple subject
domains in the same ﬁle—they must perform the queries sepa-
rately and join the ﬁles outside of DEDUCE in a manner appropriate
to their research question and are given the appropriate patient
and encounter IDs to do so. Automatic combination of two data ex-
tracts from separate subject areas creates a Cartesian product in
which the query would return all possible row combinations be-
tween the data observations from each subject area. It is thus far
too easy for the novice user to arrive at inaccurate, non-unique
counts of encounters, patients, or observations. Future environ-
ments (see Section 6.1) could allow advanced users to specify dis-
tinct ﬁltering criteria during the query and extraction steps,
thereby avoiding the creation of Cartesian products. Instituting
such a ‘‘compound-query’’ at this stage, however, was at odds with
the mandate for simplicity in this tool. We expect that our long-
term, multi-environment approach to DEDUCE, with GQ at the cen-
ter, will constitute an effective strategy for reducing the likelihood
of foundational misanalysis by the user base.Unavoidable analysis-confounding data eccentricities should be
made clear in multiple, redundant ways. For example, researchers
are constantly reminded of whether the data in a report are pa-
tient- or observation-level by use of a leading summary table
and reiteration of patient counts on each report page. Even if the
principle design philosophy of DEDUCE is understood by users,
consensus taxonomies, classiﬁcations, and standards remain
essential to encourage user acceptance as well as meaningful inter-
operability among subject areas.
Several cultural issues emerged during development of the DE-
DUCE GQ tool. First, we had to overcome translational barriers
that often exist between clinicians and technical staff. Database
queries require an attention to technical detail unfamiliar to
many clinicians, who must often be ‘‘coached’’ to translate their
research question into a query that fully addresses the scope of
their research problem. Without such speciﬁcity, accurate and
complete results might not be obtained. Additionally, customary
data formats used by technical analysts are often not satisfactory
for researchers, which can lead to mutual frustration. When
developing tools such as DEDUCE, it is critical to remain mindful
of differences in culture and customary terminology between the
clinicians requesting data and the technicians providing it. As a
result, we realized the great need for additional translational data
architects within our organization that can span both the clinical
and technical domains [28].
Development of DEDUCE could not have occurred without
including IRB advisors at all stages. Other developers of similar
tools have raised the issue that persons performing data searches
restricted to de-identiﬁed data from a rare patient cohort could
technically be capable of identifying individuals, even if the re-
searcher lacks access to PHI [19]. However, our IRB liaison assured
us that the combination of a blanket DEDUCE IRB protocol and ap-
proval of the individual user’s study protocol accommodated this
‘‘small numbers’’ scenario.6.3. Limitations
There are several limitations to the DEDUCE GQ tool. First, use
of Cognos BI (the engine of DEDUCE) requires precise browser set-
tings and wired Ethernet access to ensure satisfactory perfor-
mance. Because we used an integrated (not federated) model for
querying data, all DEDUCE data elements must ﬁrst have a place
in the data warehouse. Adding translational data (e.g., from a dif-
ferent subject domain, such as genomics) would require integra-
tion methods tailored to our data warehouse and not extensible
to other settings. In addition, ETL loads into the data warehouse
are not performed in real time, and often certain patient data (such
as CPOE orders) may not be fully loaded until after patient dis-
charge. Although the beneﬁts of this method include improved
query performance, encounter data may be incomplete and users
should not use DEDUCE to retrieve data with date ranges more re-
cent than 1 month previous.
At present, the DEDUCE developers lack a mechanism to ensure
that researchers or QI specialists query only the subject areas
authorized for that particular access. For this reason, users must
accede to the terms of the Data Usage Agreement at each login,
which the DUHS IRB considers an acceptable solution. Under this
scenario, the risk of misuse of access is no greater than that inher-
ent in trusting an investigator to examine only the permitted data
points in manual paper chart review.
DEDUCE has some usability features that distinguish it from
competing portal designs such as RPDR or STRIDE. For instance,
DEDUCE lacks a drag-and-drop ‘‘feel.’’ Inappropriate use of the
browser ‘‘back’’ button may confuse the application, ultimately
yielding inappropriate results. In addition, there is no ‘‘undo’’
M.M. Horvath et al. / Journal of Biomedical Informatics 44 (2011) 266–276 275function, meaning that users must navigate back to the original GQ
prompt page to change a query. Further, once data are exported,
ﬁlter conditions cannot be saved for future GQ sessions.
A known limitation of the GQ stems from an inability to create
cohorts that combine subject areas, such as: ‘‘How many patients
with diagnosis A have had procedure B?’’ However, more sophisti-
cated cohorts can be created by combining individual exports from
multiple subject areas—the internal data warehouse patient and
encounter keys provided in most extracts allow users to join data
ofﬂine in other programs. This does not diminish the utility of
the wizard interface, as a user may be highly skilled in analysis,
but not in the techniques needed for data retrieval.
Currently, only DUMC has the full subject areas available, but
data from community hospitals will become available during 2010.
DEDUCE does not yet contain clinical information present in text-
based notes, pathology reports, radiology reports, or ECG images.
6.4. Future work
The GQ tool currently offers a relatively rigid query structure in
order to minimize user mistakes. Future plans for DEDUCE include
additional, complementary query environments for more experi-
enced users. We will allow advanced users to build queries span-
ning multiple subject areas by allowing the search ﬁlter and
extraction parameters to remain distinct. For example, a user could
ﬁlter for all encounters that received insulin medication orders
and, from there, extract only blood glucose lab results for those
insulin-medicated orders. We are currently conducting beta test-
ing on a compound-query DEDUCE tool in which users will be able
to create and save highly deﬁned cohorts through the use of set
operators, (including logical operators for items such as lab values).
We are also working on a third tool aimed at clinical trial recruit-
ment, which will permit users to enter a set of query criteria and
receive real-time notiﬁcation when a potential trial recruit ﬁts
those parameters. Within the current DEDUCE GQ feature set we
will look for opportunities to enhance existing search methods,
such as adding LOINC codes from Cerner Millennium (Kansas City,
MO) for DUHS lab tests, as well as adding a commercial data
dictionary housing technical and business deﬁnitions.7. Conclusion
We believe that careful implementation of HIT and BI software
can help US healthcare stakeholders transform unwieldy data
stockpiles into knowledge that can improve patient outcomes, in-
crease safety, and enhance quality. Although numerous reports
have described platforms for integrating, querying, and extracting
biomedical information domains in support of translational re-
search, systems that are accessible by any health system research-
er while simultaneously serving QI needs have not been formally
reported. We developed a scalable research portal to leverage the
overwhelming stores of clinical data archived across our organiza-
tion. The DEDUCE GQ creates a ‘‘window’’ into the data warehouse
that allows researchers to explore whether cohorts that could sup-
port their research activities exist, evaluate whether they have suf-
ﬁcient power to test a hypothesis, and examine raw data in
granular extracts. These advances are essential in light of ongoing
policy development spurred by the Recovery Act and are vital to
ensuring that medical practice is informed by evidence-based re-
search and not misguided impressions.
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